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CHECKOUT AND LAUNCH CONTROL SYSTEM (CLCS) PRQIECT
SAFETY AND M SSI ON ASSURANCE ( S&VR) PLAN

PREFACE

This plan describes the S&VA (safety, reliability,

mai ntai nability and quality assurance) support to the CLCS
Project, which is to replace the current Launch Processing
Systemwith state-of-the art technol ogy.

This plan applies to the KSC organi zati ons and contract or
organi zations, as provided in the provisions of their respective
contracts, providing personnel to support this project.

This plan establishes the policies and procedures for
acconplishing the S&VA tasks as an integral part of the project
effort. It provides for early inplenentation of S&VA tasks
during developnment. The requirenents in this plan shall be
carefully and consci entiously docunented, inplenented and
tracked to ensure total project support.

The CLCS Project S&VA Working G oup devel oped the plan, any
questions regarding it should be directed to the working group
| ead, 1 ndependent Assessnent and Project Ofice, ECE.

This plan is a new i ssuance.

original signed by

P. Thonmas Breakfield, 111
Director of Safety and

M ssi on Assurance
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SECTI ON 1: | nt roducti on

100 MANAGEMENT AND ORGANI ZATI ON OF THE CLCS PROJECT S&VA
PROGRAM

1. The CLCS Project S&VA Worki ng G oup shall inplenent
the requirenents listed in this plan. The support
shall be provided early in the project to ensure
conplete integration of effort, and shall be provided
for all hardware and software procured or devel oped
for the CLCS. The S&VA Wor ki ng Group shall integrate
Its efforts to assure that these assurance functions
are adequately provided with no duplication of
effort.

2. These functions shall be in conpliance with NSTS
07700 Vol unme X, NHB 5300.4(1D 2), ANSI/ASQC @001,
and ot her project required docunents.

3. The S&VA Working G oup lead reports to the CLCS
Proj ect Manager through the Systens Engi neering and
Techni cal Integrati on Manager.

101 SAFETY AND M SSI ON ASSURANCE ACTI VI TI ES

1. Safety, Reliability and Maintainability. The safety
and reliability analyses will be perforned to
identify the risks associated with hazards or
critical itens in the CLCS system Miintainability
design criteria will be provided to support the ease
of mai ntenance, fault isolation and detection, etc.
These anal yses shall be applied throughout all phases
of the life cycle, starting in the design phase, and
mai nt ai ned to assure a continual nethodol ogy exists
for the reduction or elimnation of potential risks.

2. Qual ity Assurance. Quality Assurance will be
performed to provide adequate confidence that the
CLCS Project confornms to the project requirenments

3. Software Product Assurance. The Software Product
Assurance Programis to assure the quality of al
software and its docunentation, and assure the
quality of the processes used to produce software.
Wher e possi bl e, software product assurance activities
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wi Il be acconplished on a non-interference basis
(i nsight) using surveillance techni ques and be
applied in conjunction with the S&VA activities.

102 PROQIECT SUPPORT

1. S&NVA Support. CLCS is a NASA managed re-engi neering
activity with contractor support provided under the
exi sting NASA contracts. S&VA support will be
provided to the project by the Safety and M ssion
Assurance Directorate (EC). EC will provide the S&VA
managenent with the contractors inplenenting support
I n accordance with the provisions of their respective
contracts.

2. S&VA Per sonnel shal |

a. Eval uate and assess CLCS design to ensure
safety, reliability, maintainability and quality
assurance aspects are recogni zed and optim zed
wi th due consideration to costs, benefits, and
availability of resources.

b. Provi de safety, reliability, and naintainability
design criteria for the CLCS Design. CLCS
design shall incorporate, as a mninmm the

foll owi ng features.

(1) Fai | - saf e phil osophy.
(2) M ni mum Hazar ds.

(3) Sinplicity.

(4) Conmponent (line-replaceable unit (LRU)
accessibility.

(5) Conmponent (LRU) repl aceability.

(6) Serviceability.

(7) Identification of limted-life parts.
(8) Fai | ure propagati on saf eguards.
C. Interact with design, system engineers, and

mai nt enance personnel during all design phases
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ensuring adequate safety, reliability,

mai ntai nability and quality assurance

requi renents enhance CLCS inherent availability
goal .

d. Participate in design reviews to ensure no new
critical itens or hazards are introduced, nor
degradati on of established controls for existing
critical itens or hazards has occurred.

e. Participate in design trade studi es and product
eval uations to assess safety, reliability and
mai ntai nability requirenents for each design
utilizing nunerical nodeling as appropriate.

103 APPLI CABLE REFERENCE DOCUMENTS

1.

NHB 5300.4(1D-2), “Safety, Reliability,
Maintainability and Quality Assurance Provisions for
the Space Shuttle Program”

NSTS 07700, Volume X, “Space Shuttle Flight and
Ground Systems Specifications”

KHB 1710.2, “KSC Safety Practices Handbook”

KHB 5330.9, “Metrology and Calibration Handbook”
ANSI/ASQC Q9000-1994, “Quality Systems - Model for
Quality Assurance in Design, Development, Production,

Installation and Servicing”

NSTS 22254, “Methodology of Conduct of Hazard
Analyses”

NSTS 22206, “Requirements for Preparation and
Approval of Failure Modes and Effects Analyses (FMEA)
and Critical Items List (CIL)”

NSS 1740.13, “Software Safety Standard”

NASA-STD-2201-93, Software Assurance Standard”
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SECTI ON 2: SAFETY, RELIABILITY AND MAI NTAI NABI LI TY

200 SAFETY, RELI ABILITY AND MAI NTAI NABI LI TY
201 SYSTEM ASSURANCE ANALYSES

The System Assurance Analysis is the docunent that
conbines the Safety and Reliability analysis, and any

ot her applicable analysis into one report for the CLCS
system The analysis is to determne if the system can be
saf el y operat ed.

1. Saf ety Analysis. The safety analysis determnes the
desi gn operational hazards utilizing Hazard Anal ysis,
Fault Tree Analysis and Safety Assessnents.

2. Criticality Assessnent. The criticality assessnent
is an anal ysis of systemfunctions to determne if
| oss or inproper performance of the function could
result in loss of life and/or vehicle or damage to a
vehi cl e system

3. Reliability Analysis. The reliability analysis
identifies critical itens utilizing Failure Mde and
Ef fects Analysis (FMEA) and Fault Tree Anal ysis (FTA)
as appropriate.

4, Software Safety Assurance. Software Safety Assurance
I's concerned with the satisfaction of system safety
requirenents that are allocated to the software, and
the identification and verification of adequate
safety controls and inhibits that are to be
I npl enmented i n software.

5. Trade Studies. Trade studies are not part of the
System Assurance Anal yses (SAA), however, the SAA
FMEA, along with data obtained fromthe Vendors
(MIBF, MITR, etc.) will provide valuable information
for the trade study sol ution.

202 PRQIECT SUPPORT DETAILS

S&VA Per sonnel shal |

1. Performsafety and reliability analysis as an
integral part of the design process to aid CLCS
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design engineering in the elimnation of critical

I tenms/ hazards or to develop rationale for acceptance
of the risk associated with the use of the CLCS
systemwi th critical itens/hazards.

Performa Criticality Assessnent of CLCS functions to
determ ne the inpacts encountered if the function is
performed incorrectly or not at all.

Performa failure node and effects anal ysis (FMEA)
and hazard anal ysis on CLCS functions identified as
critical inthe Criticality Assessnent.

Prepare and process critical itenms through the
appropriate risk reviews, for those critical itens
not elim nated by design.

Prepare a Hazard Report for those hazards not
el i m nated by design.

203 SOFTWARE SAFETY

The follow ng activities shall be perfornmed as part of the
software safety assurance program This program shal

neet

1.

the intent of NSS 1740. 13.

Ensure the identification of safety-critica
sof t war e.

Identify and ensure incorporation of safety
requirenents in systemrequirenents specification and
subsequent desi gn docunent ati on.

Ensure appropriate verification and validation
requi renents are established.

Ensure test plans and procedures adequately test

safety requirenents and the test results are
sati sfactory.
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204

205

| NDUSTRI AL SAFETY

I ndustrial Safety activities shall be in conpliance with
KHB 1710.2 and organi zati onal safety procedures.

I ndustrial Safety includes identification, elimnation,
and or control of hazards in the work place, accident
prevention, fire prevention and protection, and
transportation acci dent prevention.

TEST OPERATI ONS SAFETY
Test Operations Safety activities shall be in conpliance
with KHB 1710.2. Test Qperations includes procedure

reviews, safety nonitoring, and providing a margin of
safety in test operations.

2-3
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SECTI ON 3: QUALITY ASSURANCE

300 QUALITY ASSURANCE
301 MANAGEMENT AND ORGANI ZATI ON OF THE QUALI TY PROGRAM

Qual ity Engi neering(QE) shall ensure inplenentation of all
the quality requirenents listed in this plan. Support
shall be provided early in the project to ensure al
quality planning is provided for all hardware and software
procured or devel oped for the CLCS. The QE shal

integrate its efforts with other Safety and M ssion
Assurance (S&WA) functions, such as Safety, Reliability,
Mai ntai nability and Software Assurance to assure that

t hese assurance functions are adequately provided with no
duplication of effort.

The QE functional support shall be in conpliance with NSTS
07700, NHB 5300.4(1D 2), ANSI/ASQC (@001, and ot her
proj ect requirenents.

302 QUALITY PROGRAM AUDI TS

In conjunction with the project schedule, QE wll provide
timely and effective support to programaudits of the
CLCS. Reports of these audit activities wll be forwarded
to the S&VA Managenent and to the CLCS Project Manager
and submtted to the Systens Engi neering and Techni cal

I ntegration Manager for proper disposition.

303 PRQIECT SUPPCRT DETAI LS

@A and CE supports the CLCS Project through all phases of
the project. These phases, and associ ated support, are
listed bel ow

1. Prel i m nary Pl anni ng/ Procurenent

a. (E shall docunent and conscientiously track al
quality requirenments as listed in this plan. As
directed by Project managenent, requirenents
tracki ng shall be provided for other aspects of
the Project. Tracking shall be inplenmented with
a thorough database program Requirenments wll
be devel oped and traced back to this plan, or to
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ot her pertinent project docunents, and tracked
to closure.

Procurenment Quality Assurance (PQA) shall
provi de reviews of all purchasi ng docunentati on,
such as Purchase Requests (PR’s) and other
acquisition paperwork. Also, PQA shall review

all procurement packages for inclusion of S&MA
requirements as necessary. The PQA shall

maintain a log and file copy of each PR

reviewed, and its disposition. The PQA shall

indicate approval by signing the procurement
packages reviewed, as directed by project
management.

PQA and/or QE shall participate in source
selection as required.

QE and/or PQA shall develop quality requirements.
These requirements, which will be developed
through closely working with design engineers and
other CLCS personnel, are as follows:

(2) Supplier's change control provisions.

(2) Preservation, packaging, packing and
shipping provisions.

(3) Storage requirements.

4) Age-controlled and life-limited records

and controls.

5) Identification and data retrieval
controls.
(6) Inspection and test criteria, including

receiving inspection.

(7 Nonconforming material controls.

(8) Government Source Inspection (GSI)
requirement provisions.

(9) Provisions for GSI where GSI is not
invoked.

3-2
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(10) Detailed requirenments of equi pnent
records.

(11) Electrostatic D scharge (ESD) controls.
(12) Mandatory Inspection Points (M P)

PQA shal |l provide source inspection, as
required.

PQA shall provide for audits of suppliers, as
required.

QA shall ensure material inspection upon receipt
of procured itenms. This inspection includes
physi cal condition, quantity, proper nodel and
serial nunbers, inclusion of proper
docunentation, etc. QA provisions shall be

mai ntai ned for received itens, including the

f ol | owi ng:

(1) Loggi ng of received itens.

(2) Assurance of conpliance with Receiving
I nspection checkli st.

(3) Envi ronmental conditions for storage.

(4) Segregation of received itens to ensure
that itens in various phases of the
receiving process are stored separately.

(5) Proper identification of segregated itens
(taggi ng, |og books, etc.)

(6) Receiving testing. Any testing procedure
shal | be docunented and the procedure
approved prior to actual testing.

(7) Assurance that itemintegrity is
mai ntai ned in the event of testing. It is
i nperative that the item not be viol ated
or tanpered with intrusively, to maintain
the item’s integrity, for personnel safety

2. Desi gn and Devel opnent
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(E shall ensure review of applicable submtted
vendor and contractor docunentation, as well as
docunent ati on devel oped by CLCS personnel.
Docunent ati on can include draw ngs, |ogic

di agrams, Quality Plans, Failure Mdes and
Effects Analyses (FMEA's), Software Analyses,

Hazard Analyses, etc. Reviews shall ensure

compliance with appropriate NASA requirements,

and shall be indicated by the reviewer

initialing of reviewed documents.

QE shall ensure proper handling of all

documentation received and generated through
inclusion of such documents into the CLCS
Configuration Management (CM) system. Documents
shall be submitted to CM immediately upon

receipt or final signoff, if generated in-house.

QE shall provide support during testing phases
of CLCS development. This support shall include
the following:

(1) Requirements definition resulting from
testing shall be carefully documented in a
requirements matrix, and tracked and
implemented as appropriate.

(2) Review of test plans for S&MA concerns.
Careful consideration shall be given to
maintaining integrity of test equipment.

3) Careful consideration shall be given to
assuring maintenance of hardware and
software, and to inclusion of changes to
software/hardware during and as a result
of the testing.

4) Assurance of ability to duplicate tests to
verify the integrity of tests.

QE shall provide review of processes employed on
the CLCS. These processes shall be reviewed for
the following:

(1) Documentation of process.
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(2) Adherence to docunented process by those
perform ng the process.

(3) Configurati on managenent and revision
control of docunented process, and of
ot her rel ated docunentati on.

(4) Training of those perform ng the process.

(5) Utilization of a nonconpliance/probl em
reporting and corrective action system
descri bed bel ow.

(E shall provide day to day support to the CLCS.
This includes the follow ng:

(1) Timely review of purchase docunents,
probl em reporting docunents, analysis,
drawi ngs, change orders, and any ot her
request ed docunents.

(2) Techni cal support, as directed by the
Proj ect Manager and S&VA Manager

(3) Revi ew of all change requests (CR). A
record of each CR revi ewed shall be
mai nt ai ned.

(4) Wai vers/ devi ations review. A record of
each wai ver or disposition shall be
mai nt ai ned.

(E shall provide support at all design reviews

and readi ness reviews, as required in DE-P 450.
The status of all S&VA functions shall be given
at these reviews.

Test i ng/ Checkout Phase

a.

QE support during the testing and checkout phase
shal | consist of the foll ow ng:

(1) Review of all test plans for S&VA concerns
and requirenents.

3-5
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Assurance that test results’ integrity and
security are maintained.

Assurance that tests are documented,
verifiable and can be replicated.

As part of S&MA support during this phase,
QE shall indicate approval of all
documents reviewed via initials, or
signature, at the discretion of the

Project Manager.

b. QA support during the testing and checkout phase
shall consist of the following:

(1)

(2)

3)

(4)

Assurance that actual hardware is not used
in testing; rather, prototype or simulated
hardware, and conditions are utilized,
except where absolutely necessary.

Assurance that all changes to test
documents and associated software and
hardware are controlled, documented and
approved via the change control system.

Assurance that testing equipment is
properly calibrated, stored, and
controlled.

Assurance that unexpected test results are

documented and that their anomalous nature

is investigated.

Basi c
1997

304 NONCONFORVANCE/ PROBLEM REPORTI NG AND CORRECTI VE ACTI ON

QE shall ensure that the CLCS implements an effective
Nonconforming/Problem Reporting And Corrective Action
(N/PRACA) system that provides for the following:

1. The documenting, tracking, dispositioning and
reporting of all nonconformances found during all
phases (development, fabrication, testing,
inspections, etc.) of the CLCS Project.

2. Proper and uniform handling of all items received or
developed that do not meet requirements,
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speci fications, drawi ngs, or other controlled project
docunent ati on.

Provisions to identify, segregate (if possible) and
docunent all nonconformng articles fromother itemns.
This step includes tagging, |abeling, or sone other
type of secure | abeling system

Revi ew of nonconformng articles to determne their
di sposition. The nonconformng article wll be
di spositioned in one of the foll ow ng categories:

a. Rewor ked to neet specified requirenents.

b. Mat eri al Revi ew Board accepted with or w thout
repair.

C. Used for alternative applications on other parts
of the Project.

d. Rej ected or scrapped.

e. Return to supplier

When a nonconformance is to be reworked or nodifi ed,
QE shall review the project engineers disposition to
eval uate the acceptance criteria and procedures for
the item These criteria shall include any
restrictions on the use of the reworked
nonconf or mance.

When a nonconformance is identified, corrective
actions shall be taken to determ ne the cause(s) of
t he nonconformance, and to prevent its future
recurrence. These actions shall be taken by the
appropriate CLCS lead, in conjunction with the QE,
for the group or thread that has engi neering

cogni zance for the item These actions are as

foll ows:

a. I nvestigate, review and anal yze the
nonconformty.

b. Determ ne the root cause of the nonconformty.
This step may involve visual inspection,
docunent and record review, engineering
anal ysis, etc.

3-7
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C. Devel op or change procedures, draw ngs, or any
other related controll ed docunents to ensure
prevention of the nonconformance.

305 FABRI CATI ON CONTROL
1. QA QE shall ensure the follow ng:

2. Al itenms fabricated by DE shall be subjected to
i nspection and/or surveillance to ensure conformnce
to the docunent governing its fabrication. Governing
docunents shall include draw ngs, |ogic diagrans,
requirenents lists, specifications, etc. Al
governi ng docunents shall be under the CLCS
Configuration Managenment (CM system and shal
i ncl ude appropriate revision and contr ol
identification. Docunents shall not be used for
i nspection purposes if they are not clearly under the
control of the CM system

3. Adherence to docunented procedures through
i nspections and procedure reviews. Each docunented
procedure shall include the follow ng:
a. Title
b. Pur pose

C. Application

d. Exact references to other docunents, standards,
etc.
e. Materials used in perform ng the procedure

f. Equi prrent / Speci al Tool i ng Li st

g. Personnel training/certification Requirenents
h. Appr oval s/ Si gnat ures aut hori zi ng work

4. Wor k docunents shall include:
a. CGeneral information, including constraints,

cautions, warnings, preparations
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b. Step by step detailed operations in perform ng
t he procedure

C. Mai nt enance and certification requirenents
d. I nspection and test provisions to control the
process
e. Mat eri al handling and/ or storage requirenents
f. Environnental , safety and health issues
5. Any nonconformance detected at any tine during any

process shall be docunent ed.

6. Al'l applicabl e equi pment used or acquired during
desi gn, devel opnent, fabrication, testing and
checkout shall be calibrated in accordance with KHB
5330.9. Al calibration equipnment shall be traceable
back to NI ST standards.

306 SOFTWARE QUALI TY ASSURANCE

Software Quality Assurance (SQA) w Il conduct eval uations
of the quality of, and adherence to, software-rel ated
standards and procedures. The follow ng activities shal
be perforned, as a mninum as part of a Quality
Surveillance Program which shall neet the intent of NASA
STD- 2201- 93.

1. Revi ew software requirenments for conpl et eness,
testability, and that they properly express the
functional, performance and interface requirenents.

2. Ensure adherence to design standards, and
conpl et eness of design.

3. Ensure up-to-date verification/traceability matrix.
4. Ensure adherence to codi ng and docunentati on

st andar ds.
5. Audi ting conformance to procedures, i.e.

configuration managenent, nonconformance reporting,
sof tware devel opnent |ibrary.
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Ensure test readi ness, conpliance to test plans and
procedures, docunentation of nonconfornmances,
conpl ete and correct test reports.

SQA is concerned with incorporating reliability,

mai ntai nability, usability, and simlar requirenents
into the products produced at each phase of the
devel opnment life cycle.

SQA wi Il evaluate the devel opnment process and the
conformance to this process through process audits
(e.g., nonconformance process, configuration
managenent) and surveillance of activities (e.qg.,
design revi ews, code wal kt hroughs, etc.) perforned
t hroughout the devel opnment process.

Provi de and evaluate quality requirenments and ensure
t he product satisfies these requirenents.

Eval uat e nonconf ormance trends and nake
recommendat i ons on process inprovenents.
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